A 3, Z = 2. W hile the chem istry leading to Pt(IV ) o x id atio n p ro d u cts from trans-a 2P tL 2 is sim i lar to th a t o f the cw-isomer, p ro to n a tio n as well as h etero n u clear com plex fo rm atio n o f transa 2P tL 2 is m ore difficult to accom plish th a n w ith the c/s-isom er. This difference ap p ears to be p rim arily o f steric origin. 
Reasons why /rans-diamminedichloroplatinum (II) (/ra«s-D D P) is inactive as an antitum or agent as opposed to c u -D D r aic still unclear and a m atter o f ongoing debate [1] . Recent biochemical work has focussed on the question of differences in repair o f the D N A adducts of the two geometrical isomers [2] . As to the basic coordination chemistry of cis-and /rans-DDP, fundamental differences have been established in the following areas: (i) Reactivity towards strong nucleophiles (e.g. K urnakow text) [3] , (ii) rates [4] and therm o dynamics [5] o f Cl solvolysis, (iii) displacement of N H 3 [6, 7] or nucleobases [6, 8] by Cl~, and (iv) geometry o f bis(nucleobase) adducts [9] . From model studies [10] it has become evident that de pending on the donor sites involved, the degree of D N A distortion by a /rarcs-DDP cross-link may be rather variable.
O ur work and that o f others on model nucleo base complexes of platinum, specifically those of uracil and thymine, has revealed yet another basic difference between cis-and trans-DDP: While cis-(N H 3)2P tL 2 com pounds (L = deprotonated uracil or thymine) provide excellent starting materials for a large range of di and m ultinuclear platinum com pounds with variable oxidation states (+2 [11] , +2.25 [12] , +2.5 [13] , +2.75 [14] , +3.0 [15] ) as well as mixed-metal complexes [16] , the corre sponding /ra«5,-(N H 3)2P tL 2 com pounds do not dis play a chemistry nearly as rich as do the cis-iso mers (Scheme 1). 
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Results and Discussion
trans-a2PtL2 compounds
In rra/75-(NH3)2P t(l-M eU )2 (1) (1-MeU = C5H 5N 20 2, anion of 1-methyluracil) Pt binding is through N(3) of the deprotonated nucleobase. The features of the IR spectrum, especially in the 1500-1800 cm -1 range, are straightforw ard in this respect [17] . 1 is virtually insoluble in water, but cations capable of coordinating to the exocyclic oxygens o f the 1-MeU ligands (H + , A g+, Cu2+, Co2+), solubilize 1. Only with H + and A g+ stable adducts have been prepared, however, whereas with Cu2+ and Co2+ complex stability and low sol ubility of 1 are too unfavorable to perm it isolation of adducts. Rather, on concentrating the respec tive solution, 1 and the metal salt crystallize sepa rately. !H N M R spectra o f 1, obtained in the pres ence of A g N 0 3, display the expected downfield shifts of 1-MeU resonances (Aö [ppm] H(6), 0.08; H(5), 0.10; C H 3, 0.02) as com pared to the analo gous cw-(NH3)2P t(l-M eU )2/A g+ system [18] .
In contrast to 1, Jra/M-(NH3)2Pt(urd)2 • 3.5 H 20 (2) and /ra/«-(N H 2C H 3)2Pt(urd)2-3.5 H 20 (3) (urd = C 10H n N 2O6, anion o f uridine, uracild-ribofuranosid) are quite soluble in water. Platinum<-N(3) coordination is inferred from the IR spectra (e.g. intense bands at 1645 and 1565 cm -1) and from the 13C N M R spectra which show that C(2) and C(4) resonances of the urd ligands are af fected most. Neither 'H nor 13C N M R spectra of 2 and 3 give indications o f more than one set of urd resonances. Provided ligand rotation about the P t-N (3 ) bonds is slow, a maximum of four sets of resonances (due to head-head and head-tail iso mers as well as chirality of urd) might be expected [19] . Thus we conclude that ligand rotation is fast on the N M R time scale.
Protonation of trans-a2PtL2
Like the cw-a2PtL 2 analogues, 1 -3 are expected to accept protons in two steps according to
The pH-dependent 'H N M R spectra o f 2 and 3 display downfield shifts o f H(5) and H(6) reso nances of the urd ligands below pD 2, indicative of protonation. From comparison with the behav iour o f c/5-(NH3)2P t(l-M eU )2 [20] , a pK^ value o f 0 -0 .3 is estimated for reaction (la ). This means that 2 and 3 are more difficult to protonate than cis-a2P tL2 compounds. There, pK, values are be tween 1.5 [20] and 3 [21] unless the uracil ligand is carrying a strongly electron-withdrawing substi tuent [22] . The difference between the two isomers almost certainly reflects the differences in stabili zation of the m onoprotonated state: While in cis-[a2Pt( 1 -MeU)( 1 -M eUH)]+ the acidic 0(4)H p ro ton forms a very strong hydrogen bond to 0 (4 ) of the anionic 1-MeU ligand (O -O, 2.52 Ä [20] ), no such stabilization is possible in the case of transcompounds. The distance between 0(4) sites of two ligands is in the order of 4 A, much too long to expect any stabilization of a 0(4)H by intracom plex hydrogen bonding (Scheme 2). Nevertheless it , is more difficult to tell (cf. also ref. [20] ). In any case, the IR spectrum of 4 displays features (intense, broad bands centered around 2400 and 1900 cm " 1) characteristic o f very strong hydrogen bonds [23] .
As with the c/s-(NH3)2Pt(II) com pounds, the 1-MeUH ligands in 4 represent rare iminol tautomers of the nucleobase [20, 21b] . When protonation of 1 -3 is performed by means of HC1, the initial protonation step (la) is followed by (2) :
Unless the reaction is stopped at this stage by raising the pH to ca. 5, further decomposition to trans-a2PtC l2 takes place. Mixed urd/C l com pounds (5, 6) have been isolated and analyzed fol lowing a chrom atographic separation (Sephadex).
Heteronuclear complexes
The only heteronuciear derivative o f I, which we were able to isolate, was trans-(NH3)2Pt( 1 -M eU)2Ag2( N 0 3)2(H 20 ) • H 20 (7) . A preliminary account on the basic features of this com pound has appeared [24] , Fig. 1 gives a view of the complex which illustrates the polym er ic arrangem ent o f trinuclear PtA g2 entities. A tom ic coordinates and interatom ic distances and an gles are listed in Tables I and II. The two 1-MeU rings in each trinuclear entity are arranged headto-tail with respect to the P t-N (3 ) bonds. They are nearly coplanar with each other (deviation 6°). While the Pt coordination geometry is closely square-planar, the Ag coordination spheres repre sent a strongly distorted trigonal bipyramid (Ag(l)) and a tetrahedron (Ag(2)), respectively. Both Ag ions are coordinated exclusively by oxy gens (0(4),0(2) of 1-MeU, H 20 and N 0 3 ). A g -O bond lengths are quite variable. P t-A g (l) (2.896(3) Ä) and P t-A g(2) (2.863(3) Ä) distances are in the range found in a series o f mixed Pt,A g complexes derived from m -a 2PtL2 species [12 b, 17, 18, 24] , The intermolecular A g -A g separation (3.597 Ä) is too long to anticipate any direct metalmetal interaction. In 7 each 1-MeU ring is tetraueniaie i in ^ o ^). w^). 0^4)) with 0(4) acting as a bridge between Ag ions of adjacent PtAg2 units. This coordination pattern of a uracil nucleobase is unprecedented.
Both 2 [27] . Features o f the 'H N M R spectra o f 8 in D 20 markedly depend on pD: While at pD 3.5, param agnetic broadening is largest for H(6) (signal virtually lost) and almost insignificant for the ribose protons except H (l'), at pD 11 the situation is alm ost reversed. This seems to indicate a m igration of Cu(II) from the hetero cyclic part of the urd ligand (0(4) and/or 0(2)) to the ribose entity under alkaline conditions, a situa tion previously envisaged in Cu(II) m igration from N(3) of urd to (H 2'), H(3') [28] .
Pt(IV) Complexes
Several oxidation products o f 1 were prepared and isolated: trans,trans,trans- This particular arrangement could in fact provide a pathway for H + transfer in a tautom er equilib rium of the 1-MeUH ligand (I, II) with 0(4) and 0 (2 ) being the protonated sites. Raman spectra (solid state) of all four com pounds at room tem perature and 77 K (9) were inconclusive with regard to this question, as are C -O bond lengths. We tentatively favor forms I and/or II for the fol lowing reasons: First, a com parison of the Ram anactive 1-methyluracil modes of 9 and 11 strongly suggests that it is the heterocyclic ligands that are different in both compounds. Since 1-MeU is an ionic in 11, we conclude that it is protonated in 9. The P t-O (lO ) bond length [29] in 9 certainly is not inconsistent with 0(10) being a OH group. Sec ond, the R am an spectrum o f 9 is more complex than that of 11 as far as 1-methyluracil modes are concerned (Fig. 3) . Considering the fact that 9 is (crystallographically) centrosymmetric and 11 is expected to be centrosymmetric, this suggests that 9 in fact could represent a tautom eric mixture which, at least down to 77 K, is virtually unaffect ed by tem perature. Oxidation of 1 by use o f Cl2 gas did not produce 12. R ather, not only oxidation to Pt(IV) but simul taneous modification o f the 1-MeU rings in the respective 5-positions takes place, giving trans,trans ,trans-Pt(NHi)2C\2(5-C\-l-M eU )2-2 H 20 (13). A similar observation has been made for the oxidation of cw-(NH3)2Pt(l-M eU )C l [30] . The 'H N M R spectrum o f 13 in M e2SO-d6 displays four H(6) singulets between 7.97 and 8.14 ppm. This fact indicates that, not unexpectedly, solvolysis and/or decomposition of 13 takes place in this solvent.
Comparison of cis-and trans-( NH3) 2PtL2
The two geometrical isomers of Pt(N H 3)2L2 (L = urd or 1-MeU) display distinct differences as far as their affinities tow ard H + or metal electrophiles are concerned. In two cases -protonation and Zn(II) binding -this effect has been quanti fied. We propose that the lower affinity of the /rans-isomer for these electrophiles is primarily of steric origin: While in the case o f the c/s-isomers, exocyclic oxygens o f two adjacent uracil rings are 2 .5 -2 .8 Ä apart, they are ca. 4 Ä apart in the /raws-isomer. The distance still permits metal bind ing (cf. form ation o f 7), but apparently the situa tion is less favorable than with a m-geomei.iy. Ab far as protonation is concerned, any intramolecu lar stabilization o f the protonated oxygen is excluded.
Dinuclear, am idate bridged complexes of trans-D D P and mixed valence Pt com pounds derived from the former are unknown to date. This is like ly to be so because o f the severe clash between N H 3 groups expected for such an arrangement. In the case o f dinuclear complexes of c/s-DDP with headhead arrangem ent o f ligands, both tilting of the Pt coordination plane and a torsion about the Pt-Pt vector [11, 31] relieve the steric crowding. With a hypothetical dinuclear complex trans-[(NH3)2P tL 2P t(N H 3)2]2+, at most a very slight tor sion is possible which, however, would barely im prove the situation. Similar arguments apply to other hypothetical dinuclear nucleobase com plexes derived from /ram ,-a2PtLL (L = uracil, L' = cytosine-7V3, guanine-A^ etc.). We thus conclude that, unlike as-D D P , /ra«i-D D P is not expected to form cross-links in nucleic acids with metalmetal separations o f 3 Ä or less. Likewise, dinu clear nucleobase adducts as discussed and ob served for A g+, for example [32] , are unlikely for
trans-DDP.
The behaviour o f the Pt(IV) oxidation products of mz«s-(NH3)2P t(l-M eU )2 is not unusual and, as far as limited work with the c/s-isomer indicates, similar to the latter. Crystal structure determinations* D ata were collected on a Philips PW 1100 dif fractom eter using a 6126 technique and M oK a radiation. Lorentz, polarization and empirical ab sorption corrections were applied. Pertinent data are summarized in Table VI . The structures were solved by direct methods and completed by AF syntheses. The SHELX program package was used. With 7, Pt and Ag atom s were refined with anisotropic displacement param eters, all other atoms were refined isotropically.
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